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(57) Abstract 



whereu, R4 „ C alkyl or C M alkylsUyl and^n is^ro o7 /n ^.f'l ""^ P^l 1 or beB *» 1 . RJ ^presents H or OR* 



FOR THE PURPOSES OF INFORMATION ONLY 
appncat^r*: S£f y ™ W PCT - * *- TO of payees publishing intematlona , 



AM 

AT 

AU 

BB 

BE 

BF 

BG 

BJ 

BR 

BY 

CA 

CF 

CG 

CH 

CI 

CM 

CN 

CS 

CZ 

DE 

DK 

EE 

ES 

FI 

FR 

GA 



Armenia 

Austria 

Australia 

Barbados 

Belgium 

Burkina Faso 

Bulgaria 

Benin 

Brazil 

Belarus 

Canada 

Centra] African Republic 

Congo 

Switzerland 

Ct*t d'lvoire 

Cameroon 

China 

Czechoslovakia 

Czech Republic 

Germany 

Denmark 

Estonia 

Spain 

Finland 

France 

Gabon 



GB 


United Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


Ireland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgystan 


KP 


Democratic People's 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


LI 


Liechtenstein 


LK 


Sri Lanka 


LR 


Liberia 


LT 


Lithuania 


LI) 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN- 


Mongolia 


MR 


Mauritania 



MW 


Malawi 


MX 


Mexico 


KE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RTJ 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SG 


Singapore 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


SZ 


Swaziland 


TD 


Chad 


TG 


Togo 



TJ 
TT 
UA 
UC 

US 

uz 

VN 



Tajikistan 

Trinidad and Tobago 

Ukraine 

Uganda 

United States of America 

Uzbekistan 

Viet Nam 



WO 97/06 J 47 



30 



"-rarsMnssi 

OWAPHTAZEPlwun SJLIS „,.„„ 

US£Ft "- AS ENA»TIOSELECTI» t „ 

EPoxrwnoN catausts 

" 7 from a ca„ lylic "J* °«*irid,„, um salts y 

subs,™ y ma> ' ,herefo ^ be used w„h * meanS of radi «J 

"* as *«* is no requirement for " Wlder ™g c of alkene 

Stabl,ise "CPient radicals) A ^ h """"^ ^ « «* ai kene (lo 

°*«indinium catalysts have nn, n T Sp " e these advantages ,h, 

Atrial scaJ , ""^^-^-nsystemsforuseonan 
It has now been discovered ,h», 

diKenes. The catalytic 
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reagents as well as envi 
Accordingly, in a first 



cheap reagents as well as environmentally safe solvents 



formula (la) or (lb): 



use of readily available and 

MS. 

aspect, the invention provides a compound of 




Nt_ R « 




da) 

r , ^ xy , are s ^ f ™ ^ ** c, 6 

R represents phenyl. Ci.g alkyi, phenyl Ci. 0 nlkyl or a moiety of fbmtula (a)- 



15 



20 



25 



--f C H 2 ) n CHC 

CH 2 R 3 

wherein R 2 represems q aJ 

wherein R 4 is c „ ^ or benz y'. R represents H or OR4 

^ 1 6 kyl C,. 6 alkylsdyl and n is zero or an integer , or 2; 

X is a counter ion. 

Suitably, A represents hydrogen. 
Suitably, B represents hydrogen 

Examples ofRl when it represents C, * m 1 
groups. P " tS C l-6 a 'M are methyl and ethyl 

An example ofRj is benzyl. 
Suitably, R2 represents Chalky! 
Suitably, R3 represents Ci 6 alkyl 
Preferably, Rl r ep r es ent s C] . 6aJkyl) 

Values for the counter ion X" include BF 4 ; CI", Br ,- r,n - „ 
preferred value for the counter ion X- j c nr - 

^ 4 -andPF 6 -. 
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A suitable ary] group is a pheny] group 

«— **. - JJT,:: ^£ hav,ns - 

Pyl , , tay , i!0b ;, JZ££? mahy '- e,hyi - 

^=con,p 0 und S0 fforaiula(l.)„dn 1 „ ? 
aPPropm, e , . „ mpo „„ d rffcnI- *^^* by reacling , as 





(Ha) 

wherein A and B are as defined ; . • 

°f ««* On,: ™ d " re ' a "°" "> f °™" «). «ft an ^ ^ 



15 



20 



25 



R'-lJ 



(III) 



organic so,v enl , 8entnU| „ *<" •""*» ™". i. ia sutab* .„ 

- • ■» - clev aIed ^^T" S *<" — « ""hyiene dicMpnde. 

<°°°C conveniendy a, LbC^L """""""" ^ ™* of f rom „ w 

—sphere. f„ r cxample ^ -~- U canned o„, in „ im 

The salting reaction „ h 

-» convent pr0O!dure „„ TZ ,Z7" 7 ~~> «*- « 
■«c"oo. a, ambien, ,e mperaiure " SU31 "' eff ««" '» sc-lven, u!ed ln , fce 
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SOUrCC ° f C0U " ter ion X " ^ any conventional source such as an 
appropriate metal salt and especially a silver salt, conveniently howev 

alkylate agent an) is also the source of counter ion X ; for example when 
prepay compounds of formu]a ^ „ ^ ^ rJ . 

BF 4 Ae compound of formula (II) is a compond (Rla^ wheL Rl. i 
Ci. 6 alkyl, especially methyl. 

of. rh-"^ C ° mP0UndS ° f f0miUla (IIa> (nb) may ^ ^ Nation 

ofachiral amine of formula (IV): nation 




B 

(IV) 



wherein A and B are as defined in relation to formula (I), suitably usin* 

The chiral compounds of formula (IV) may be prepared from the racemic 
compound of formula (IV) using conventional resolution methods, for ex ml 

2 ~ osed by Hawkins and Fu * n — of 

orena COm T dS * f0m,Ula ^ kn ° Wn COm P 0unds or may be 
r pared usmg methods analogous to those used to prepare Known compounds 

for example the methods ^closed by W. S. Johnson etal, Journal of American 
Chemical Society, 1 963, £5., 1 409. American 

The compounds of formula (IV) are known compound or they are 
Prepared using methods analogous to those used to prepare known compounds 
for example the methods disclosed by Hawkins and Fu ibidem 

The compounds of formula (la) and (lb) wherein Rl represents a moietv 
of the above defined formula (a), may be prepared, as appropia e , by y Z 
compound of formula (Va) or (Vb): cycusmg a 
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N-(oy R -cH 



N CH 2 -R 3 




CHj-R 3 



(Va) 



(Vb) 



5 ~^"ic"-."*r h, ----*--»-^ 
« ^ ins * c c ° n,, " ,u " d »«— - •*» . 

-Pereterc of * ^ KmPerimre ' «— -* « - -flu, 

The sailing reaction with the source of coume, i™ v- 
-stni any convention,, psocednrc bn, is 

cyelisation reaction at amhi™, hc solvem » s «l i" Ae 
" * any convennonai l" s "^2 ^ "™ ° f * ™> 

*" ^ BF 4 - a suitabte so^TZZZTT """" " 

The compounds of formula (Va) and rvh . m „ u 
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10 



15 



H 2 N-(CH 2 ) n -CH 



CH,-R 3 



(VII) 



wherein R2 R 3 and n are as defined ^ ^ ^ ^ 

Thereacuon between the compound of formula (Via) or fVIh> a h k 
compound of formula (VII) mav be r^i a ■ ( } and the 

generally an aprouc so ven Z Z^T^ **** 
elevated temperature such s i ^ at a *>* " medium 

Prepared us lng methods ana^ It:?? * ^ * 
for example the methods discfosed by E „ J ^ T C ° mP ° UndS ' 
1989, 77 a/ ' 0rgan,c Syndesis, Vol. 68, 

The compounds of formula (VU\ an* ✓vii^ 




step 1 



Mg8r 




Step 2 




H.N 



(Vaj or (Vb) 
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references: P 1 l ° 4 be,n 8 f °"nd in the following 

-ennon provides . ^ for ^ aspect the 

such as 1-phenylcydohexene, l-methylcyclohex LT 7 * *** 
methyl s ,iib ene , which process com yICycJohexe ne, trans-sulbene and 

"ucleophiHc oxidistng Zt in^ *° ** - 

catalyst is a confound of f omu la ZT ( l b T ta that ** 





da) 

R represents phenyl, Cj. g alkyl, phenyl Cj.g a"ryl or a moiety of formula (a)- 



-(CH 2 ) n CH^ 



CH 2 R 3 



25 ^T R2 ' e ^ KC '-^'-^y<ort cmy , 

R J represents H or OR4 wherein R4 is r 

zero or an integer 1 or 2: and " ^ a ' ky ' ^ ^ alk y ,sil >' J and n is 

X is a counter ion. 
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One suitable nucleophilic oxidising agent is provided by a mixture of 
oxone (KHSO5) an d NaHC0 3 . 

The epoxidation reaction may be carried out using any suitable 
procedure wherein the prochiral olefin, the nucleophilic oxidising agent and the 
compound of formula (la) or (lb) are allowed to react thereby providmg the 
required epoxide. 

The reaction is carried out in an organic solvent such as acetonitrile 
dimethysulphoxide, dimethylformamide or pyrdine or in an organic solvent/water 
mixture such as aqueous acetonitrile. 

Aqueous acetonitrile is a particularly apt reaction solvent when 
oxone/NaHC0 3 is the nucleophilic oxidising agent. 

The reaction is carried out at a low to medium-elevated temperature such 
as a temperature in the range of from -20 .0 50°C, preferably at ambient 
temperature. 

Suitably, the reaction is carried out at a neutral or alkaline P H such as in 
the range of from pH 7 to 14, preferably it is carried out in the range of from P H 
o to 10. 

Suitably the molar ratio of the compound of formula (la) or (lb) to the 
prochtral olefin is in the range of from 1 to 20mol %. preferably in the range of 
20 from 5 to lOmol %. 

The following preparation and examples illustrate the present invention. 
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Iminium Salt Catalysts 
General Preparation Procedure- 

5 iitr of ,h r quired im,ne in 0,202 wk 

° aikyianng agent. The reaction was lefr m to 
. . nwas lettt0 rea ct at room temperature until 

To a solution of (S)-imine from Preparation 1 (4(VW 

CH 2 C1 2 (io ml) was added under N, Me,OBFW222 , T } " ** 

portion. The reaction was left ,o rZt 3 ° Bp4 (222m S> 1 5 m ™D in one 

141.12, and 168 . 36; (FAB^' 3 0^(M+-87 ^007 HF ^ 135 " 29 ' 

requires 308.1439). 87 ' 100% HF°und 308.1448. C 23 H I8 N 

Example 2: (S)-( + )-5,5-Dihydro-2//.dinaphthr2 l. c -r 2' ,i m ,„ 
azepine iodide ■Viwnu.i-c.l ,2 -eJ-N-methyl 

A solution of (S)-imine from Preparation 1 ( 50 m„ n 1 7 

(2 ml) was stirred at room tm ,„ £> mmol) ln iod °methane 

in the reaction^ x t^SJT' ^ T ^ a yd,OW S ° M *™ed 

ArC//H'), ,00-8.50 (12 H. m, A^and 1^1 ^ ^ * ' ™ 

Example 3: (5)-( + )-5,5-Dihydro-2A/-dina P hth[2 l, p v .1 n. ... . 
azepine perforate "Pmnftl-cl ,2 -eJ-N-methyl 

^^^r^srrs mi> « — » • 
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MD 20 + 769 (c 1.09 in acetone)- L 250 mh - S ° hd (6 ° mg ' 9 ° %) > 

^ Ar-H). and 9.35 (, H> s, N^H) ^ "oo ^ ^ ^ * 

126.59,126.64,127 62 127 85 m ™ (100MHz ; ^-acetone) 49.44 59 19 
130-24, 130.26, 130.£ 13 176 ' 2 ' £?' J** ■»* 
and 169.98. J218 ' 132 40 ' 132.82. 134.83, 136.92, I4i. 86 , 

The solid formed was fdrered o"n t e fa (2 

15 hC K deS,red im ™™ salt which was pT X* t J { T W K as c °ncentra,ed to give 
high vacuum the desired compound Zs obl l ^ Aftff d ^ ^ 
f«JD20-778 (c 1.25 in acetone)- 5h (250 tS ™ * ^ % ° M < 65 »* 92%) 
(1 H, d, 7 13 Hz> AlQy 4 £ ****** CD C13) 4.09 (3 H, s, CH 3) , 4.64 

A solution of (S)-imine f™™ d 

«-> was stirred at ^^^^ »* — 0 in Methane ( 2 
reaction mixture. TLC of the rea ^ £ ^ d --on formed in , he 
of starting material was left. The rema,W ^ °" Iy 3 Sma1 ' amount 

30 removed by -turadon w„h ethe A ^ drv "'"r' 10doet "ane were 
product was obtained as a yellow '^T<M Wgh VaCUUm thc ^sired 

f«JD 2 0 + 878 (c 0 41 in CH^ s ' ^ 98%) ' m P- >™ °C (dec ) 
CH 3 ), 4.45-4.75(2 kJ5^ 4 ™^?*X> OH . , " 7 Hz, 
9< 4 ' 12.5 Hz, ArC/ZH), 7 00-960 ' ' 125 ArC//H >. 4 95 0 H 

35 (100 MHz; CD 2 a 2 ) ,4.30 57^5 * £ ^ ^ « «, s, N=CH 5 C 
127.68, 127.89, 128.93, 129 04 12 7 f U 0 ' 127 ° 9 ' UlA2 ' 127.62. 
132.45, 134.23, 135 41 3 ,J ,*« 5 ' 12M4 > 13062 - 131.72, 131 93 32 (U 
322 (M;-129, lOoi 4 ™-^ (FAB) 323 

(M+-127) found 322.1596. ' RMS: 171/2 Calc - 322.J604. C24H20N 
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Example 6- ft?) m c - 

A solution of A.BF^dn a» pil)e 
obtained bv conned * "* s rem oved b y fi ,J? ' ' 7 mmt,l > CH 2 CI 2 

C "2CH 3 ), 4.53 (, H , ,1° '• 7 6 5 CH 3 ), 4 25 a u , '" aCe,0ne »' 
S '5(12H m a ,, Hz ' AlC "H) 4 4,,, „ ' <2 6.5 Hz 

"■49 58 % Md 9 » <1 H, s. fec H ' 4 " d ""3 Hz. ArCfVH') 6 e, 

Example 7- 

5 **, under " d — — e ' hCT '° re " W 

Examples: (/?) n < « n- 

To a solution of (R )bro , 'J "-benzyl 

hc so " d <A6B " «— ~£2£zxzr* tm 
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MHz; CDC1 3 ) 4.55 (I H, d. J 12 5 Hz A lc«- H , „I , J '" aCe,om): 5 " '"0 

5 8-16 07 H, m , U ^ 955 o H " N ch 2 * U * «5- 
"12. 124.71. ,26.60. 126.6 ,2692 mM , ;,^ a ' MHKCDCl3)56 ^ 
129.47. ,29.70, 130.0,, ,30 18 , 30 29 f 3 o 1 ' 128 ' 50 ' 128 «- l»-43. 
'33.46, ,35.4,. ,35.44. ,4,.56 ™ 168 ,7 ' ^ ' 31 ° 5 ' 13 '" 5 ' »1* 

Catalytic Epoxidation using i minium Salf 

General Procedure 

To a solution of alkene ff) s mnM i\ • 

— 0 .hen ,he cz,a, ys , (0 .05 J„, or 0 (2 ™°'\"« — <M 

suspension w,s a„„ wcd 10 reaa mn ** Th = ^""g yellow 

«*■ was m o„i,ozcd US l„7h 3 Under ^ S "™ 8 - ™< 

the end of ,he zezcin Z" "" Cnro ™»»-P»y (TLC). Usually towards 

20 ne.lycolourless. W^^^^.^^^^* 
extraction i„ to methylene ^ ««» -»» followed by 

*ied over anhydrous J^^^ ™™ « — — and 
gave a material which was puri fie 1 ^J 1 ™ 0 " « a ^ evaporator 
epoxide. ' " fied (C ° IUmn ch ^atography) to give the desired 

25 

Exa mp , e l: Preparation Qf ^ ^ 

To a solurion of phenyl cyclohexene f 79m K 0 5 mmo.. ■ 
acetonitrile (4.5 ml) and water o h \ 0,) in a mixture of 

068 mg, 2m mol) and 0x^307^ n T" "** *" ^ C ™ hed NaHC0 3 
30 J ^sn Iting yellow J^J^J^^ <** mmoO. 3 

exn^cnon tnto methyl TcZ^t "° ^ reaC "'° n foi — d bv 

dried over anhydrous ^^^T" COmbined *" d 

» gave a material which was P uri fi S on a c^^^ °" ' ^ 

punf.ed on a column us.ng 2% ethyl acetate : petrol 



-12- 



WO 97/06147 



PCT/EP96/03551 



83% 



2S^2SS^ to phenyl cydohexene oxide - - 

5 in Table 1 * " ° f lhe invem,on - ^^ults obtained are shown 



Table 1 




3 

4 

5 

6 

7 

8 



Me 


BF 4 


83 


70 


Me 


OO4 


54 


74 


Me 


PF6 


48 


61 


Et 


1 


55 


78 


Et 


BF4 


78 


76 


Bn 


Br 


71 


74 


Bn 


BF4 


78 


73 



.0 !ir;:r n * m*™**™*™**^^,.,. 

solid was rem ovcd by f,to.,r cl K '" PCra '" rt '° r 5 " bCft " e *« 

con,p„„„ d as . svn,p (234 ms . m%) ' 8 " e *= teired 

(S)- isomer, [c,) D 20 +1 3 63 7 fc , , g >r) c 

(R)- isomer, fa] D M. 1363 . 7- (c , „ a ^ ' 

'26.05. 126 69 . , 2716 127 19 12M7 12825 
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131.70,132.08,132 34 132 99 \*<nA n,n. 
^4.1275.C 22 H 16 N requires 294.1283). 
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Claims: 



1 A compound of formula (la) or (lb): 





(ia) 

wherein A and B wrh ^ (lb) 

■» - a silyl ; „X* y r~" sre sdraed fr ° m c '-« ** c M 

. R represents phenyl, C, * aiwi nh . . - 

1-6 alkyl.pheny.c,., alicyl or a moiety of formula (a): 



~(CH 2 ) r CH 



CH 2 R 3 

15 w h herein R f re P<™ c,. 6 aIkyl , phenyl or ben 

where in R4 isC « 3 represents H or OR 4 

and '1-6 alkylsUyl and „ ls zero or an integer 1 or 2; 



X is a counter ion. 



2 - A compound according to elai™ i u ■ 
» represent „ ydrogen . 8 """ m ' • ""*™» * r e pre se „,s hydrogen and B 

^ A ^d accordlng IO ^ , or c|am 2 where ^ r _ ^ ^ 
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«i=c«d 6™ , he lls , amMv of: BIV ci . Br ^ cio ^ ^ ^ 

5 x'- is bp; 0 ""' 0 " 0 ' ^ '° ~ ° f d ' ims 1 - <• <*-* — * ion 



10 



15 



20 



8- A compound according to claim 1 select f™™ a •■ 

™-w~**m+£g:£l. r*»Z* azep "' e PCrch ' ora,e: 

(lib). g ' dS a PP ro P™e, a compound of formula (Ila) or 

A A 





25 



(Ha) 

wherein A and B are as defined 
of formula (III): 



(lib) 



m relation to formula (1), V vi,h an alkylating agent 



Rl-Ll 



(HI) 
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wherein R J is as ri r 
or ta* «a> or „„,. « '» <ta *c raalys , is , 



10 




-R 1 




(la) 

aryJoxy s]]yj ^ uents are selected f rom C] . 6 alkyl , c 

R ~ Pheny)iCj6aJky ]>phe : y 

1-6 aJkyioramo '«y of forn, uJa(a): 

-(CH 2 ) n b H ^ R2 

CH 2 R 3 

^ooran,„ tegerIor2;and ,sC !-6 .IMorC,. 6 a l ky lsil y j and „ is 

A is a counter ion. 
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